Objectives: Mental health disorders and suicide are an important and growing public health concern in Korea. Evidence has shown that both globally and in Korea, obesity is associated with an increased risk of developing some psychiatric disorders. Therefore, we examined the association between distorted body weight perception (BWP) and suicidal ideation. to investigate the associations between nine BWP categories, which combined body image (BI) and body mass index (BMI) categories, and suicidal ideation. Moreover, the fitness of our models was verified using the Akaike information criterion.
INTRODUCTION
Mental health disorders have been an important and growing public health concern in South Korea (hereafter Korea). Approximately 27.6% of the population had a lifetime history of mental disorders that met the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition for having at least one disorder [1] . Among women, 23 .5% experienced at least one mental disorder in their lifetime, which included 12.0% who had an anxiety disorder and 9.1% who had major depressive disorder (MDD). Additionally, the annual suicide rate has steeply increased in Korea since 1997 [1] . According to the Organisation for Economic Co-operation and Development (OECD) health statistics data, the age-standardized suicide mortality rate in 2011 was 33.3 per 100 000 individuals, the highest among all OECD countries. Although the rate of increase suicidal morality has remained constant since 2009 [2] .
Evidence has shown that the increasing prevalence of obesity worldwide and in Korea [3] [4] [5] is associated with an increased risk of developing psychiatric disorders [6] [7] [8] [9] . However, most prior research has failed to simultaneously evaluate the effects of obesity-related comorbidities, lifestyle factors (smoking, alcohol consumption, and physical activity), and/or other psychosocial factors (general health status, emotional support, and life satisfaction) on mental health, even though these factors are known to affect mental health status [10, 11] and contribute to the development of mental disorders [12] [13] [14] . However, some studies have found no relationship [15] or an inverse relationship between overweight/obesity and mental disorders among men [16] . Thus, the relationship between mental disorders and body mass index (BMI) remains controversial.
In this study, we aimed to examine the association of BMI and body image (BI) with suicidal ideation. In doing so, we examined the effect of objective BMI measurements, reflecting true obesity, and subjective BI to yield what we refer to here as a distorted body weight perception (BWP). BWP was used since it is challenging to investigate the association between BMI and mental disorders. Several studies have previously investigated the association between the perception of being overweight and suicidal ideation among adolescents [17] . However, few studies have investigated this relationship in adults; therefore, we attempted to examine the impact of distorted BWP on suicidal ideation in a representative population of adult Koreans.
METHODS

Subjects
Data were obtained from the 2007-2012 Korea National Health and Nutritional Evaluation Survey (KNHANES), which is managed by the Korea Centers for Disease Control and Prevention and the Korean Ministry of Health and Welfare. The KNHANES is a cross-sectional nationwide survey that employs a stratified, multistage, clustered probability sampling method.
The survey is comprised of a health interview, nutritional survey, and health examination. For data collection purposes, household interviews and physical examinations were conducted. Informed consent was obtained from all participants. Since the KNHANES datasets are publicly available for research purposes, additional ethical approval by our institutional review board was not required for this study. The total sample size from 2007 to 2012 was 50 405 participants. Of these, 12 801 participants were excluded because they were younger than 19 years of age. In addition, those with relevant missing data were also excluded, resulting in a final study sample that included 14 276 men and 19 428 women all 19 years and older.
Dependent Variable
Suicidal ideation was assessed by asking if participants had any suicidal ideation in the previous one year. Those who answered yes were considered to have suicidal ideation.
Primary Independent Variables
Nine BWP categories were made to classify participants according to their objective BMI subjective BI (Table 1) . Subjective BI was assessed by asking, "In your opinion, how do you perceive your body?" Possible responses included thin, normal, or fat. BMI was classified into three categories as low (<18.5 kg/m 2 ) normal (18.5-25 kg/m 2 ), and high (≥25 kg/m 2 ). The category combining normal weight perception and normal BMI was selected as the reference group.
Covariates
Socioeconomic and demographic factors included age, residential area, marital status, employment status, educational level, and household income. Participants were classified into six age categories: 20 to 29, 30 to 39, 40 to 49, 50 to 59, 60 to 69, and ≥ 70 years. Residential area was categorized as urban or rural, and marital status was categorized as married or unmarried. The highest educational level attained was categorized as elementary school, middle school, high school, and 
The category B2 was selected as the control.
college or higher. Household income was included as quartiles based on monthly earnings. Employment status categories were unemployed and employed. Health-related factors included sleep duration, perceived health status, BMI, and the presence of chronic diseases such as hypertension and diabetes, which were reported only if they had been diagnosed by a physician. Perceived health status was collected as extremely good, good, moderate, bad, and extremely bad. Stress was considered either mild or severe. In addition, mental health-related factors included perceived levels of stress relating to daily life and the presence of depressive symptoms that had been diagnosed by a physician within the previous one year. The influence of the study year for each of the six collection years (2007-2012) was also considered.
Statistical Analysis
Multiple logistic regression analyses were conducted to investigate the associations between the nine BWP categories and suicidal ideation. Our models were adjusted for age, the data collection year, residential area, marital status, employment status, household income, educational level, perceived health status, sleep duration, stress level, BMI, and the presence of hypertension, diabetes, and MDD.
Moreover, we used the Akaike information criterion to verify the adequacy of these models with BMI only, BI only, and the combined BWP as the independent variables. Odds ratios (OR) with a 95% confidence intervals (CI) were calculated. Statistical significance was set at p<0.05. Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Table 2 shows the demographic characteristics of the sample. A total of 1573 men (11.0%) and women (20.3%) reported having suicidal ideation during the twelve months prior to the survey, while 12 703 men and 15 481 women did not. Five men and four women matched the BWP category C1, which included those who were in the overweight BWP category but had a low BMI; none of these subjects expressed suicidal ideation.
RESULTS
Demographic Characteristics
Multiple Logistic Regression Analysis
The results of the multiple logistic regression analysis are presented in Tables 3 and 4. Table 3 depicts the ORs for suicidal ideation across age, the data collection year, residential area, marital status, employment status, household income, educational level, perceived health status, sleep duration, hypertension, diabetes, MDD, stress levels, and BMI. In Table 4 , the nine BWP categories were rearranged as underweight BWP (A2, A3, and B3), normal BWP (A1, B2, and C3), and overweight BWP (B1, C1, and C2). Because none of the participants in C1 expressed suicidal ideation, it was not possible to calculate the OR for this group.
Married participants were more likely to express suicidal ideation than were unmarried participants for both men (OR, 1.84; 95% CI, 1.37 to 2.46) and women (OR, 1.42; 95% CI, 1.15 to 1.76). In addition, employed men were less likely to express suicidal ideation (OR, 0.71; 95% CI, 0.59 to 0.86) than were unemployed men.
In terms of household income, the ORs for suicidal ideation for both men and women were very similar. Relative to the lowest quartile group, the ORs for suicidal ideation were 0.88 (95% CI, 0.72 to 1.08) for men and 0.83 (95% CI, 0.73 to 0.96) for women in the second lowest quartile, 0.72 (95% CI, 0.58 to 0.90) for men and 0.85 (95% CI, 0.73 to 0.98) for women in the third lowest quartile, and 0.68 (95% CI, 0.54 to 0.87) for men and 0.63 (95% CI, 0.53 to 0.74) for women in the highest quartile.
Suicidal ideation was also influenced by education level in both genders. The likelihood of suicidal ideation decreased as the level of education increased; thus, men (OR, 0.73; 95% CI, 0.58 to 0.94) and women with a middle school education (OR, 0.76; 95% CI, 0.63 to 0.90) were less likely to express suicidal ideation than men and women with only an elementary school education were. Men (OR, 0.63; 95% CI, 0.51 to 0.78) and women with a high school education showed an even lower likelihood (OR, 0.60; 95% CI, 0.51 to 0.71) of suicidal ideation, followed by men (OR, 0.51; 95% CI, 0.40 to 0.65) and women with a college education or higher (OR, 0.43; 95% CI, 0.35 to 0.53).
Participants who reported being in excellent health (for men: OR, 0.18; 95% CI, 0.11 to 0.29, and women: OR, 0.26; 95% CI, 0.18 to 0.37) or very good health according to the self-rated survey questions (for men: OR, 0.21; 95% CI, 0.15 to 0.31, and women: OR, 0.28; 95% CI, 0.23 to 0.35) were less likely to express suicidal ideation. Furthermore, men (OR, 4.56; 95% CI, 3.91 to 5.32) and women (OR, 4.47; 95% CI, 4.06 to 4.93) with very high levels of stress were more likely to express suicidal ideation than those with mild stress were.
Among the prevalent diseases investigated, only MDD showed a strong positive association with suicidal ideation (men: OR, 5.11; 95% CI, 3.42 to 7.62, women: OR, 2.75; 95% CI, 2.30 to 3.29). Values are presented as odds ratio (95% confidence interval). These data were adjusted for study year, body mass index, and body weight perception. *p<0.05, ***p<0.001. In the fully adjusted models, all women with an overweight BWP were significantly more likely to have suicidal ideation (Table 4 and Supplemental Table 1 ). In addition, women in category B1 (low BMI and normal BI) had a higher OR for suicidal ideation (OR, 2.25; 95% CI, 1.48 to 3.42) than the control category B2 (normal BMI and BI) did. However, no relationship was found in men (OR, 1.20; 95% CI, 0.49 to 2.95) (p<0.001) in category BI. Women in category C2 (normal BMI and fat BI) were also more likely to express suicidal ideation (OR, 1.28; 95% CI, 1.11 to 1.48) than women in C1 were. No significant differences were found for men or women with normal BWP. For women with underweight BWP, the OR in category A2 (normal BMI and thin BI) showed an increased likelihood of having suicidal ideation (OR, 1.34; 95% CI, 1.13 to 1.59). Thus, only three BWP categories were significantly related to suicidal ideation in women, and none were significantly related in men.
Model Fitness
The results of the Akaike information criterion analysis suggested that the model using both BMI and BI was superior to the one using only BMI and the one using only BI (Table 5) . Although the fitness of these models was not significantly different, the difference between the model using both BMI and BI and only BMI was larger than that between both BMI and BI and only BWP.
DISCUSSION
Suicidal ideation was found to be associated with not only socioeconomic variables such as marital status, household income level, and educational level but also health-related variables such as the presence of MDD, routine stress, and perceived health status. Several other studies have also supported associations between socioeconomic and mental health-related factors with suicidal ideation [18] [19] [20] [21] . Inder et al. [18] identified determinants of suicidal ideation and suicide attempts using data from the 2007 National Survey of Mental Health and Wellbeing (n=8463) in Australia [18] . According to their study, psychiatric disorders were the main determinant of 12-month and lifetime suicidal ideation as well as lifetime suicide attempts. Moreover, marital status, employment status, perceived financial adversity, and mental health service use were also important determinants; these findings were consistent with our results. Lee et al. [19] also studied differential associations of so- cio-economic status with gender-and age-defined suicidal ideation among Korean adults and elderly using the KNHANES from 2007 to 2012. They found that household income was the main protective factor for women and those aged 25 to 44 years and that educational attainment was protective for individuals aged > 65 years. In another report from Korea, the relationship between sleep duration and suicidal ideation formed a U-shaped curve [22] . However, in the present study we did not find a statistically meaningful association between sleep duration and suicidal ideation, despite finding a similar U-shaped pattern in the ORs. When investigating BWP, it was deemed necessary to examine suicidal ideation and its related factors by gender. Chin et al. [23] have suggested that the development of a suicide prevention program for Korean adults requires different approaches for each gender. For example, for working men aged 45 to 54 years, the focus should be on the management of work-related stress and depression, while community support programs might substantially help women who are less educated, are not formally employed, and/or experience a great deal of stress and depression. Although their study had a robust methodology, they did not consider the possibility that distorted BI might induce stress and/or even foster suicidal ideation.
Therefore, we examined BWP to understand the impact of BI on suicidal ideation. Several studies have examined the association between BWP and suicidal ideation [17, 21, [24] [25] [26] [27] . Lee and Seo [28] studied the trajectory of suicidal ideation in relation to BWP from adolescence to young adulthood using representative data from four waves (1995-2008) of the National Longitudinal Study of Adolescent Health from the US. In general, they found that suicidal ideation tended to decrease with age. However, participants who perceived themselves as overweight were more likely to think about committing suicide than those who perceived themselves as normal weight were, and this was especially true among young girls, even after controlling for rigorously measured depressive symptoms. According to a study of Korean adolescents, a significantly higher proportion of girls reported suicidal ideation and suicide attempts than did boys. Factors associated with suicidal ideation were overestimating one's weight (vs. an accurate estimation) and reporting behaviors to lose or gain weight (vs. no weight control) among boys, and overestimating one's weight and attempting to lose weight were associated factors among girls [24] . Another study of elementary students between twelve to thirteen years old found that body image distortion may lead to stress, depression, and undesirable dieting behavior [21] . Compared to participants without distorted BIs, the group that overestimated their weight demonstrated a greater interest in weight control, expressed dissatisfaction with body weight, presented unhealthy reasons to lose weight, and had higher scores for the survey items "feeling sad when comparing own body with others" and "easily getting annoyed and tired, " even though these children had similar obesity indices as the children without distorted BIs did [21] .
However, the majority of these studies targeted adolescents rather than adults. Thus, a study of the general population was needed. Kim et al. [26] studied the effect of weight perception on suicidal ideation among young Korean women using data from the 2001 and 2005 KNHANES. Overweight women were more likely to think about suicide than their normal-weight counterparts were in both study years. However, in both study years, the association between overweight and suicidal ideation was not significant when perceived weight was taken into account. Therefore, the difference between the results of the above study and the present study might be due to differences between the data collection years and the targeted age groups. In addition, Kim et al. [25] did not analyze the effect of BWP by combining the effect of BI and BMI as we have done.
On the other hand, we divided each of the three BWP categories into three groups based on the actual BMI measurement anticipating that these differences may yield meaningful statistical outcomes in our study.
Another similar study examining the role of BWP in the general population was conducted in 2011 in Korea [26] . Kim et al [25] . examined the effects of actual and perceived body weight on unhealthy weight control behaviors and depressed mood. They found that women who perceived themselves to be heavier than their actual BMIs appeared more likely to engage in unhealthy weight control behaviors (OR, 1.44; 95% CI, 1.14 to 1.83). Furthermore, women with a distorted BWP, whether an underestimation (OR, 1.49; 95% CI, 1.09 to 2.03) or overestimation of their BMI (OR, 1.26; 95% CI, 1.05 to 1.52), tended to be more likely to report having depressed mood than those who had a realistic BWP did [26] . Interestingly, contrary to previous studies on adolescents, women with underweight BWPs also suffered from depressed mood.
Gaskin et al. [29] performed a study to determine if BWP mediates the association between measured weight and depression. They analyzed data on 13 548 adults aged 18 5.14) or overweight (OR, 1.73; 95% CI, 1.14 to 2.61) had an increased odds of depression compared with women who perceived themselves as being at a normal weight. Among men, measured weight, but not overweight BWP nor underweight BWP, was associated with depression, and perceiving oneself as underweight (OR, 2.80; 95% CI, 1.42 to 5.54) was associated with depression. However, it is important to note that the authors of that study did not measure suicidal ideation as the dependent variable; rather, they measured whether increasing depressive symptoms were able to the increase the probability of having suicidal ideation.
Considering the results of these previous studies as well as our own, distorted BWP as measured from objective BMI and subjective BWP seems to be related to suicidal ideation. Thus, those who suffer from distorted body image should be assessed not only objectively according to their BMI but also subjectively by asking about one's self-perception of body weight as possible indicators suicidal ideation, and this kind of assessment might be especially beneficial for Korean women. Moreover, we believe that this simple measurement might help detect patients with suicidal ideation early to reduce the number of suicidal attempts and prevent the incidence of suicides in Korea.
This study has several important strengths. First, we assessed the presence of suicidal ideation, which is more indicative of suicide than measuring depressive mood is. Although there is an established association between depressive mood and suicidal ideation, the outcome can be more clearly defined by investigating the dependent variable firsthand. Second, we used nationally representative data, thus strengthening our study's reliability. In addition, these data were recently collected (2007) (2008) (2009) (2010) (2011) (2012) , permitting us to make relevant interpretations.
Nevertheless, our study has several limitations. First, due to its cross-sectional design, causal relationships cannot be determined. However, since we divided BMI into categories and examined BMI as an independent variable, it is extremely unlikely that reverse causation is valid. Second, we used suicidal ideation and not attempted suicide as the outcome, even though the association between suicidal ideation and attempts exists [30] [31] [32] . Since suicidal ideation does not always directly result in a suicidal attempt or suicide, determining the strength of the connection between suicidal ideation and suicide without considering the role of mental illness may create some challenges.
In conclusion, this study supports the notion that distorted BWP and suicidal ideation are related. Women with overweight BWP in all BMI categories and underweight perception with normal BMI were more likely to express suicidal ideation than women with a normal BWP and normal BMI were. Therefore, BWP might be an important factor that could be employed to prevent suicidal ideation and improve the mental health of Korean adults, especially Korean women. 
